Abstract -The aging process is continuous and irreversible and is characterized by physiological and structural alterations and changes in body composition. The aim of this study was to report anthropometric reference values for community-dwelling older adults from northeastern Brazilaccording to gender and age group. This cross-sectional study used data from an epidemiological population-based study involving 316 older adults. The following measures and anthropometric indicators were evaluated: weight, height, body mass index (BMI), triceps skinfold (TSF), waist circumference, arm circumference, calf circumference, and arm muscle circumference (AMC). All data are reported as means, standard deviations, and percentiles. Comparisons between age groups were performed using one-way ANOVA. The study included 173 women (54.7%) and 143 men (45.3%). Body weight and BMI were higher in younger women (60-64 years) compared to older ones (80 years or older). Arm circumference, TSF and AMC were lower in women aged ≥ 75 years compared to women aged 60-64 years. For men, arm circumference and AMC were lower in the oldest age group (≥ 80 years) compared to the youngest group (60 to 74 years). These differences were significant. The present study indicates that changes in body measures occur differently between genders with advancing age. The reduction in muscle mass and body fat is more prominent in women than in men and anthropometric changes are more noticeable in the older age group. Key words: Aging; Anthropometry; Elderly health; Nutritional status; Reference values. 
INTRODUCTION
Physiological and structural alterations and changes in body composition occur during the process of aging, which involve a reduction in height, muscle mass and bone mass and an increase in body fat 1, 2 . Body weight increase until about 75 years of age [3] [4] [5] and the pattern of body fat distribution undergoes changes characterized by a reduction in subcutaneous fat and an increase in visceral and intramuscular fat 6 . Body measures reflect the general health and well-being of individuals and populations and are widely used for the evaluation of nutritional status based on anthropometric measures and indicators. Anthropometry is a method of determining body measures that can be easily applied in clinical practice, health services and epidemiological studies since it is noninvasive and inexpensive 7 .
In the 1990s, the World Health Organization published recommendations 8 for each country to develop its own anthropometric reference data in view of the diversity among populations in terms of genetic, environmental, socioeconomic, cultural, lifestyle, and health conditions, among others 9 . Anthropometric reference values were published for the elderly population of the United States 3 , Italy 9 and Ireland 10 in order to distinguish this population and to accurately evaluate anthropometric characteristics and nutritional status. Studies conducted in Chile 11 , Cuba 5 and Mexico 12 reported anthropometric reference data for the elderly population of their respective capitals. In Brazil, a literature search (Scopus, Medline and Lilacs) identified four studies reporting anthropometric reference values for noninstitutionalized older adults from specific localities, including three cross-sectional studies and one longitudinal study. The cross-sectional studies involved older adults living in the cities of São Paulo 4 , Joinvile 13 and Fortaleza 14 . The follow-up study was conducted in São Paulo 15 . However, the study conducted in Fortaleza 14 reported only indicators of fat and muscle mass. These studies provided reference data that could be used in clinical practice and surveillance studies of elderly populations with similar characteristics.
Since Brazil is a large, multiracial country characterized by cultural, economic and social diversity, anthropometric studies conducted in different localities, in addition to reflecting regional characteristics, may serve as a reference for similar populations. Therefore, the objective of the present study was to report anthropometric reference values for noninstitutionalized older adults from a small town in the northeastern region of Brazil according to age and gender.
METHODOLOGICAL PROCEDURES

Participants
This was a descriptive study using data from a cross-sectional epidemiological population-based household study, called "Nutritional status, risk behaviors and health conditions of older adults from Lafaiete Coutinho, Bahia". Data regarding the characteristics of the municipality studied, population and data collection have been published previously 16 and will be summarized briefly.
The study population was identified by a census (January 2011) and all subjects aged 60 years or older who lived in the urban area (n = 355) were contacted to participate in the study. The households were localized based on data from the Family Health Strategy (Estratégia Saúde da Família) program, which covers 100% of the municipality. A total of 316 subjects (89%) participated in the study; 17 (4.8%) subjects refused to participate and 22 (6.2%) could not be localized after three home visits on alternate days and were considered to be losses.
The data were collected in two steps: first, a home interview was conducted and then the anthropometric measurements were performed at the two Family Health Units of the municipality. The second step was scheduled at an interval of 1 to 3 days after the home interview.
The study protocol was approved by the Ethics Committee of Universidade Estadual do Sudoeste da Bahia (Permit No. 064/2010) and was conducted in accordance with the Declaration of Helsinki of the World Medical Association.
Anthropometry: procedures and instruments
The anthropometric data were collected by three students of the Physical Education course who received theoretical and practical training in order to standardize the anthropometric techniques. The precision and accuracy of the examiners had been confirmed prior to data collection in 20 volunteers by the analysis of inter-and intraexaminer technical errors of measurement 17 . All examiners showed precision and accuracy compatible with those of experienced examiners.
Body weight was measured with a portable digital scale (Zhongshan Camry Electronic scale, G-Tech Glass 6, China), with the subject barefoot and wearing minimum clothing. Height was measured as described by Frisancho 18 using a compact portable stadiometer (Wiso, China). The circumference parameters were measured with an inelastic anthropometric tape and triceps skinfold (TSF) was measured with a skinfold caliper (WCS, Brazil). Waist circumference was measued at the level of the umbilical scar. Arm and calf circumferences were measured as described by Callaway et al. 19 . TSF was obtained according to Harrison et al. 20 . All anthropometric measurements, except for body weight, were obtained in triplicate and the mean values were used for analysis. The body mass index [BMI = body weight (kg)/height 2 (m 
Statistical analysis
Means, standard deviations and percentiles (P5, P10, P25, P50, P75, P90 and P95) were calculated according to gender and age group (60-64, 65-69, 70-74, 75-79 and ≥ 80 years). One-way analysis of variance (ANOVA) and Tukey's and Bonferroni's tests (multiple comparisons) were used to determine differences between the means of the anthropometric variables according to age group. The level of significance was set at 5% (α = 0.05). All analyses were performed using the IBM SPSS Statistics software for Windows (IBM SPSS. 21.0, 2012, IBM Corp., Armonk, NY).
RESULTS
A total of 173 women (54.7%) ranging in age from 60 to 103 years (74.9 ± 10.0 years) and 143 men ranging in age from 60 to 105 years (73.4 ± 9.4 years) were studied. All measurements were performed on subjects who were able to walk. Bedridden subjects (n = 5) and wheelchair users (n = 2) were excluded and 12 subjects refused to perform the measurements. Table 1 (women) and Table 2 (men) show the body weight, height and BMI (means, standard deviations and percentiles) according to age group. Body weight and BMI were higher in women aged 60-64 years when compared to women aged 80 years or older. When women of the youngest age group (60-64 years) were compared to the oldest age group (≥ 80 years), the reductions in the values of the 2 nd quartile were 17.5% (10.8 kg) and 17.9% (5 kg/m 2 ) for body weight and BMI, respectively. No differences between age groups were observed for body weight and BMI in men and for height in men or women. The distributions (means, standard deviations and percentiles) for arm circumference, AMC, TSF and waist and calf circumferences are shown in Tables 3 and 4 for women and men, respectively. In women, arm circumference and AMC were higher in the age group of 60-64 years compared to women aged ≥75 years and ≥80 years, respectively. In men, a significant difference was observed for arm circumference, with higher values in the age group of 70-79 years compared to the oldest adults (≥ 80 years). AMC was higher in men aged 60-74 years when compared to the oldest age group (≥ 80 years).
There was a significant difference in TSF and calf circumference according to age group in women. Reductions in these two parameters were observed at 75 years and 80 years, respectively.
DISCUSSION
A literature search (Scopus, Medline, Lilacs) indicates that this is the first population-based household study conducted in northeastern Brazil which reports gender-and age-specific reference values (means and percentiles) of the main anthropometric measures and indicators for noninstitutionalized older adults.
The results showed more expressive changes in women when compared to men. In women, body weight, BMI, TSF and calf circumference differed significantly between age groups. A significant difference in arm circumference and AMC was observed in both genders.
Female body weight differed between the age group of 60-64 years and the oldest age group (≥ 80 years), with a difference of 10.7 kg (17.3%). The same reduction was not observed in men. These results differ from studies conducted in Brazil 4, 15 and in other countries 3, 5, [9] [10] [11] , which demonstrated weight reductions in both genders.
The present results showed no changes in height with increasing age in men or women. Similar results have been reported by Cheserek et al. 12 and Mastroeni et al. 13 in an international and a national study, respectively. However, the results differ from those reported in studies conducted in Italy 9 , 4 , which showed a shorter height in older seniors compared to younger ones. The differences between results can be attributed to the peculiar characteristics of the older adults studied, or to the sample size of those studies which involved a larger number of participants, thus guaranteeing greater statistical power.
A significant reduction in BMI was only observed for women aged ≥ 80 years, a finding also demonstrated in previous studies conducted in Brazil 4 and in other countries 5, [9] [10] [11] . Considering the cut-off values adopted by the Food and Nutritional Surveillance System (Sistema de Vigilância Alimentar e Nutricional -SISVAN) 21 , which classifies a BMI < 22 kg/m 2 as low weight, this condition is present in both genders in an important proportion of the population. Values < 22 kg/m 2 were observed for P10 (age groups: 60-64, 70-74 and 75-79 years) and P25 (age groups: 65-69 and ≥ 80 years) among women, and particularly for P25 among men. This finding might be related to the poor health indicators and socioeconomic conditions of the population studied 22 . In both genders, mean arm circumference was significantly lower in the older age groups, ≥ 75 years (women) and ≥ 80 years (men), suggesting a reduction with increasing age as identified in other studies 4, 5, 10, 11 . This reduction is due to a loss of subcutaneous fat and muscle mass with advancing age 23 . With respect to muscle mass indicators, significant differences in AMC with increasing age were observed in men and women, in agreement with other studies 4, 5 . Calf circumference was only reduced in women, although other authors have observed a reduction in this measurement in both genders 4, 5 . Calf circumference and AMC are estimates of muscle reserves. A reduction in muscle mass is associated with sarcopenia which, in turn, can reduce functional capacity and increase the risk of falls 24 . The results showed that the differences in TSF occurred only in women and after 75 years of age, following the same trend as observed for arm circumference. These findings agree with Corish and Kennedy 10 who, studying Irish older adults, suggested that the reduction in fat mass is more intense in women than in men. However, studies conducted in Chile 11 , Cuba 5 and Brazil 4 have shown a reduction in TSF in both genders. TSF is an indicator of body adiposity and is recommended for the assessment of nutritional status in older adults 7 . Male and female waist circumference did not show significant changes as a function of age. Analysis of the cut-off values related to cardiovascular risk 25 (≥ 88 cm for women and ≥ 102 cm for men) showed an increased risk for developing cardiovascular diseases in women on P25 for waist circumference (age group of 75-79 years) and especially on P50 (other age groups). In men, this condition was observed for P75 (age groups of 70-74 and 75-79 years) and P90 (age groups of 60-64, 65-69 and ≥ 80 years), indicating a lower prevalence of central obesity among men. It should be noted that the risk values were established for adults younger than 60 years and no reference values are available for older adults. The high prevalence of inadequate waist circumference among women might be explained by the postmenopausal period, which is characterized by a decrease in estrogen and a consequent increase in abdominal fat 26 . The design of the present study does not permit to determine how the anthropometric variables studied would affect the anthropometric characteristics of these older adults. In this respect, the cross-sectional design of the study limits inferences about body changes. However, the results are consistent with those of longitudinal studies.
The present study provides anthropometric reference data that can be used in clinical practice, as well as for the evaluation and follow-up of the nutritional status of older adults designed to establish public policies in communities with characteristics similar to those of the population studied.
CONCLUSION
The anthropometric data obtained here can be used as reference values for the older adults studied and for populations with similar characteristics. The present study indicates that changes in body measures occur differently between genders with advancing age.
